Gilthead seabream (Sparus aurata) and European seabass (Dicentrarchus labrax) production from aquaculture has been increasing since the 1990s. Nowadays, about 95% of their production comes from aquaculture. In this study we analyze if the rapid growth in the aquaculture production of both species has affected the capture fisheries prices of both species. In other words, we investigate if there is market integration between wild and farmed gilthead seabream and European seabass. In order to do this analysis, we use data from the main gilthead seabream and European seabass markets in Spain. Results show that there is no or limited market integration between wild and farmed gilthead seabream and European seabass. This implies that capture fisheries are not significantly affected by increases in the aquaculture production of both species. But gilthead seabream and European seabass aquaculture producers face a smaller demand that explains the difficulties this aquaculture segment is facing.
Introduction
Gilthead seabream (Sparus aurata) and European seabass (Dicentrarchus labrax) production reached 173 thousand tonnes and 161 thousand tonnes in 2013, respectively. About 95% of the gilthead seabream and European seabass production comes from aquaculture and almost all from
Mediterranean countries (about 96%). Gilthead seabream and European seabass are the most important farmed species in the Mediterranean. Together they represent 63% in quantity and 80% in value of all the aquaculture production in the Mediterranean basin. The main producers are Turkey, Greece, Spain and Egypt, while the main markets are in Northern Mediterranean countries: Spain, France, Italy, Greece and Turkey. The €5 to €10/kg retail price for seabass and seabream is too high for a large proportion of the population living in the Southern Mediterranean countries (Monfort, 2007) . (FAO, 2016) . This crisis was due to major investments in the industry that led to an increase in supply from 2000 that the demand could not absorb at the prevailing prices (Ernst & Young, et al., 2010) . As a result, prices fell below cost of production, resulting in a rationalisation of the industry (University of Stirling, 2004; STECF, 2014) .
( Figure 1 to be placed around here)
Wild gilthead seabream catches have been oscillating between 6,000 and 10,000 tonnes annually since the early 1990s. European seabass catches increased to almost 12,000 tonnes in the early 2000s but since then they have suffered a decreasing trend to around 9,000 tonnes annually during the last years (FAO, 2016) . These quantities are very small compared to farmed production. Thus, capture fisheries only supply a small share of the gilthead seabream and European seabass production, and no significant supply increases from the capture sector can be expected.
In this study we analyse if the rapid growth in the production of farmed gilthead seabream and European seabass has affected the prices of both species from capture production fisheries. In other words, we investigate if there is market integration (competition) between wild and farmed gilthead seabream and European seabass. Market integration between capture fisheries and aquaculture can be observed, for the most part, when increased aquaculture supply leads to decreases in wild-caught seafood prices (Anderson, 1985) . When market integration is verified, it means that there is substitutability between wild-caught and farmed products.
If two products (wild and farmed) are close substitutes, and considering that aquaculture is probably the fastest growing food-producing sector in the world, farmed produce will win market share from the wild produce. If demand is not perfectly elastic, the price of both products will decline, as will the income of fishermen. However, if the two products are not substitutes, so that there are no market effects, the increase in the supply of the farmed product will only lead to a price decrease for farmed product and not affect the price of wild-caught product (Asche et al., 2001 ).
Current knowledge on market competition between aquaculture and wild fish is based on a small number of species and markets. Studies have mostly focused on salmon, shrimp, tilapia, and seabass and seabream, which are the most traded species, and the US and EU markets, the two main consumer markets (Bjørndal and Guillen, 2016) . In particular, when it comes to Southern Europe, existing knowledge on competition interactions between wild and farmed species in the area is more limited, and it is based solely on a few studies investigating gilthead seabream, European seabass, Atlantic salmon (Salmo salar) and shrimps (Penaeus spp.) in Spain, France and Italy.
For Spain, Alfranca et al. (2004) found that wild gilthead seabream prices are affected by farmed gilthead seabream prices in the Barcelona wholesale market. However, Rodríguez et al. (2013) showed that wild and farmed gilthead seabream are considered two heterogeneous products and consequently they are not substitutes in the Madrid wholesale market.
In French households, Regnier and Bayramoglu (2016) found that farmed seabream prices partly affect wild seabream species 1 prices; while, farmed European seabass does not compete with wild seabass species 2 . On the other hand, Brigante and Lem (2001) concluded that wild and farmed conspecifics are not substitutes for gilthead seabream and European seabass in Italy.
In addition, Alfranca et al. (2004) found that wild sole, farmed Atlantic salmon, farmed European seabass, and wild European seabass prices have a weak and not very significant influence on farmed and wild gilthead seabream prices in the Barcelona wholesale market. Similarly, Jaffry et al. (2000) , using quarterly import prices for the period 1984-1996, examined the extent to which farmed Atlantic salmon competes with the main traditional wild-caught fish species in the Spanish market.
They found that farmed Atlantic salmon was only a weak substitute for wild-caught tuna, hake and whiting, but no significant interaction could be found.
Likewise, Gordon, Salvanes and Atkins (1993) found that farmed Atlantic salmon prices were not affected by wild turbot (Psetta maxima) and Atlantic cod (Gadus morhua) in Rungis, the Paris wholesale market, during the period 1981 -1990 . However, Béné et al. (2000 found that imports of wild brown shrimp (Penaeus subtilis) from the French Guyana were substitutes for the imports of farmed Thai black tiger shrimp (Penaeus monodon) in the French market for the period 1986-1993 3 .
More recent studies are not available.
Therefore, available studies on competition interactions between wild and farmed species in Southern European countries are based on a limited number of cases, sometimes using old data sets, and some of their results may appear to be contradictory (especially for gilthead seabream and European seabass). The differences in the outcomes obtained could be, at least in part, due to the different data sources employed and the time periods analysed. Markets are dynamic and may be different today from the situation 10 or 20 years ago. Therefore, in this study we investigate in more detail and in a more comprehensive approach the existence of market interactions between wild and farmed gilthead seabream and European seabass in the area using recent data sets.
This paper is organised as follows. Section two describes the Spanish market chain for gilthead seabream and European seabass in Spain. Section three introduces the methodology to estimate the existence of market integration: the Johansen cointegration test. Data used for the analysis is presented in section four. Section five presents the results obtained, while section six provides a discussion and interpretation of the results. The paper is summarised in the final section.
Spanish market chain for seabream and seabass
Gilthead seabream (Sparus aurata) and European seabass (Dicentrarchus labrax) are the most produced species in the Mediterranean and Black Sea, at 299 thousand tonnes and €1.39 billion in 3 Shrimp farmed production in Europe is almost negligible, so all domestic production comes from capture fisheries.
2014 (FAO, 2016 Spain is one of the largest fish producer and consumer countries in Europe. The EU is a major market of seafood products, with 12.3 million tonnes consumed in 2011, worth a total € 52.2 billion. Spain is the largest seafood market in the EU, with an apparent consumption of € 11.3 billion, followed by France and Italy with € 10 and € 9.7 billion, respectively (DG MARE, 2015) .
The Spanish fish market is characterized by the high diversity of species, a wide range of prices, and the importance of whole fresh fish in terms of market share (see for instance FAO, 2016) .
In Spain, an important part of the fisheries production, especially landings, is directed from the first sale auctions to the wholesale markets (mercas) by intermediaries. Wholesale markets are the main commercialization centers; they work as spot markets, distributing landings from the auctions, landings from other areas, aquaculture products, as well as imports, aimed to supply the main cities.
This wholesale network covers all Spain and consists of 23 markets, hosting more than 2000 wholesale firms. Of these 23 wholesale markets, just 17 of them contain a seafood market.
Mercamadrid and Mercabarna (Madrid and Barcelona wholesale markets) are the main wholesale markets in Spain. Between both of them, cover almost the 50% of the total seafood commercialized in the Spanish wholesale markets network. Fresh wild fish products often go through these traditional supply chain levels of first-sale (auction), wholesale and retail markets (Guillen and Franquesa, 2015) . However, some high value fresh wild fish products, especially the largest and most expensive individuals of certain species (e.g. shrimp,
Norway lobster, grouper, hake), do not go to the retail market, but are destined for restaurants (Guillen and Maynou, 2015) . Indeed, often white tablecloth restaurants only serve wild fish products. Thus, a part of the high valued wild products does reach the retail market level, which explains that wholesale prices can sometimes be higher than retail prices (mostly for consumption at home). On the other hand, the first sale of farmed fish often happens at the wholesale level or at least with fewer middlemen between the first sale and the wholesale market.
In the last decades, the main changes that have affected the Spanish market chain of fish products have been a concentration in the supply of fish products at the retail level by large supermarket chains that has lead to a reduction of the mercas market share and an increase in the value and volume of fish traded internationally, particularly for aquaculture products (Guillen and Franquesa, 2015) .
Methodology
The development of prices over time provides important information on the relationship between products, as has been widely recognised by economists such as Cournot (1838), Marshall (1947) and Stigler (1969) . Market integration analysis using time series data for prices has been used for a number of seafood products. It is particularly useful when there is a need to analyse a large number of products, as demand analysis in such cases is not feasible (Asche, Gordon and Hannesson, 2004) .
Following Ravallion (1986), market integration is analysed by looking at whether prices of products are related over time, which allows price adjustment between markets to take time. We investigate if the price of a product (dependent variable P1) can be explained by the price evolution of another product (explanatory variable P2), as well as its own previous price evolution. We use the following model specification:
Here α is a constant term and e is a white noise error term. Hence, if δi is equal to 0, there is no relation between the prices of both products, so there is no market integration, while if δi is different from 0, there is a relation between the prices of both products, and consequently there is market integration.
The relationships between variables have traditionally been studied with ordinary regression analysis. Such methodology can only be used when variables (i.e., prices) are stationary (Squires, Herrick Jr., and Hastie, 1989; Asche, Gordon and Hannesson, 2004) , but many economic variables show trends, and so they are non-stationary. When non-stationary time series (e.g. prices) are used in a regression model, relationships that appear to be significant may emerge from unrelated variables (spurious regression). Therefore, the use of cointegration methodology is required to estimate real long-run relationships between non-stationary variables (Ardeni, 1989; Whalen, 1990; Goodwin and Schroeder, 1991) . Since most seafood prices have been found to be non-stationary, cointegration is currently the most commonly used empirical tool to test for market integration (e.g. Nielsen et al., 2007; Norman-López and Asche, 2008; Nielsen, Smit and Guillen, 2009 ).
The idea of cointegration is that even if two or more variables are non-stationary in their levels, linear combinations (so-called cointegration vectors) which are stationary may exist (Engle and Granger, 1987) . When cointegration is verified, the variables exhibit (one or more) long run relationships. Variables may drift apart due to random shocks, sticky prices, contracts, etc. in the short run, but in the long run, the economic processes force the variables back to their long run equilibrium path (Engle and Ganger, 1987) . Hence, the economic interpretation of cointegration is that "if two (or more) series are linked to form an equilibrium relationship spanning the long-run, then even though the series themselves may contain stochastic trends (that makes them to be nonstationary) they will nevertheless move closely together over time and the difference between them will be stable (so stationary)" (Harris, 1995, p22) . Therefore, prices for products in the same market are part of a long-run equilibrium system, although significant short-run deviations from equilibrium conditions may still be observed due to stochastic supply and demand shocks. So, if the products are substitutive, there will be market forces working to re-equilibrate the price ratio after a shock occurs in the market. Thus, when cointegration is verified, it implies the existence of a stable long-run relationship between the prices, from which it can be assumed that a price parity equilibrium condition exists, and consequently the variables form part of the same market (Asche and Steen, 1998) . So, cointegration theory is consistent with Stigler and Sherwin's market's definition 4 and the stochastic behaviour of prices.
Most recent market integration studies have used the multivariate Johansen cointegration test (Johansen 1988 (Johansen , 1991 Johansen and Juselius, 1990) , solving the problems faced in bivariate methods by providing a matrix with all possible distinct cointegration vectors based on all the variables. Thus, the Johansen test enables testing for both cointegration and hypothesis testing on the parameters in the cointegration vector.
Under the Johansen approach the data is divided into two groupings, the variables in their levels and their first differences. Using the technique of canonical correlation, the linear combinations of the data (in their levels) that are highly correlated with the differences are found. If the correlation is sufficiently high, then it follows that these linear combinations are stationary, and so are the cointegration vectors.
The multivariate approach developed by Johansen starts by defining a vector Zt, containing n potentially endogenous variables, where it is possible to specify a data generating process and model Zt as an unrestricted vector autoregression (VAR) with up to k-lags of Zt:
where Zt is (n1), each of the Ai is an (nn) matrix of the coefficients, Dt are seasonal dummies orthogonal to the constant term  and t ~ niid (0,), so it is assumed to be an independent and identically distributed Gaussian process. Equation 2 can be reformulated in vector error-correction (VECM) form by subtracting Zt-1 from both sides:
where, i = -(I -A1-…-Ai ), (i =1, … , k-1), and  = -(I -A1 -… -Ak). (Eq. 4)
The system of equations 2 and 3, contains information on both the short-and the long-run adjustment to changes in Zt. The rank of , denoted as r, determines how many linear combinations of Zt are stationary.
Determining the lag order to take into account in the model is a key issue in cointegration. This happens because in order to apply cointegration, a series should be non-stationary; but the stationarity properties of a series can change with the number of lags considered as explanatory variables. The optimal number of lags for one series (e.g. found using a unit root test) may be different from the optimal number of lags for another series we want to compare. And these laglengths may be different from the optimal number of lags when applying cointegration methodology. Thus, estimating the optimal number of lags for one series using a unit root test may be of little help initially. In addition, different lag length selection criteria often lead to different conclusions regarding the optimal number of lags that should be used. Meanwhile, the choice of the lag length can considerably affect the results of the cointegration analysis (Emerson, 2007) .
Therefore, we determine the number of lags using three different criteria: Therefore four different outcomes can be obtained from the cointegration tests when estimating them for the number of lags obtained using the previous criteria:
 All tests show two cointegration equations. Then prices are stationary and cointegration methodology cannot be applied.
 All tests show zero cointegration equations. Then prices are not cointegrated, and consequently products are not in the same market.
 All tests show one cointegration equation. There is then the need to investigate the stationarity properties of the series. There are two options. It could be that both series are non-stationary and they are cointegrated (i.e., are part of the same market), so there is only one cointegration equation. But it could be possible that one of the series is stationary and the other one is non-stationary, and consequently they are not cointegrated.
 Outcomes from the tests report different numbers of cointegration equations depending on the lag chosen. There is then the need to investigate the stationarity properties of the series, and results should be considered with caution.
Data
In order to properly analyze market integration of wild and farmed species, it is the need to compare fish prices of the same species at the same market level. However, there is an important general lack of detailed price data in many European countries. For this study, wild and farmed European seabass and gilthead seabream price data from the wholesale market level for Spain have been used.
Unfortunately, no data with the required similar specifications were available for other markets and countries. Prices of these wild fish species are available at the ex-vessel market; but unfortunately, prices for these farmed species are not available at that level. While prices of these species are available at the retail level, but often prices do not differentiate between wild and farmed origin, and consequently are not suitable for the analysis.
The use of cointegration methodology is very data demanding, as it requires a large number of observations (close to 100 observations depending on the characteristics of the series) in order to obtain robust results. In addition, for our study we require price data disaggregated between farmed and wild origin. However, these data are rarely available, in part because: (i) few countries collect and report detailed price data, (ii) there are few markets where both wild and farmed conspecifics supplies are present and properly differentiated.
In order to carry out this analysis we use the following weekly price data: The descriptive statistics (mean, standard deviation, coefficient of variation and number of observations) for the data we use are presented in Table 1 . It can be seen that wild products are more expensive, but they also suffer from higher price volatility (i.e., their coefficient of variation is higher).
( Table 1 to be placed around here)
Results
In this section, we report the results from the market integration analysis between wild and farmed conspecifics of gilthead seabream and European seabass.
The lag length selection is done for three different criteria (Log Likelihood, Akaike Information
Criteria, and Schwarz Criteria). In the appendix the different values obtained for each criterion at each lag length are presented. In table 2 we present the optimal lag length for each criterion, summarising the results in the appendix.
( Table 2 to be placed around here) Table 3 presents the cointegration results for wild and farmed European seabass and Gilthead seabream by market place according to the lag length previously obtained.
( Table 3 to be placed around here)
For gilthead seabream in the Madrid wholesale market, both cointegration tests show the existence of one cointegration equation between wild and farmed conspecifics, so the stationarity behavior of both series needs to be analysed (see table 4 ).
The ADF Test statistics for wild gilthead seabream price in the Madrid wholesale market (-2.049
and -2.492) are higher than the MacKinnon critical value for rejection of the hypothesis of a unit root at a 5% significance level (-2.866). So, the wild gilthead seabream price in the Madrid wholesale market behaves as a non-stationary series. The farmed seabream price series on the other hand behaves as stationary. Therefore, there is no market integration between wild and farmed seabream in the Madrid wholesale market.
While for gilthead seabream in the Barcelona wholesale market, both cointegration tests, considering no lags and 5 lags, report 2 cointegration equations between wild and farmed conspecifics, showing that prices are stationary and regression methodology should be used (see table 5 ). But when considering 1 lag, the cointegration test shows that there is 1 cointegration equation, and consequently the stationarity behaviour of both series (for 1 lag) needs to be analysed (see table 4 ).
( Table 4 to be placed around here)
The ADF Test statistic for farmed gilthead seabream price in the Barcelona wholesale market (-2.649) is higher than the MacKinnon critical value for rejection of the hypothesis of a unit root at a 5% significance level (-2.868). Thus, the farmed seabream price series behaves as a non-stationary series. However, the wild seabream price series behaves as stationary. Therefore, there is no market integration between wild and farmed seabream in the Barcelona wholesale market when considering one lag.
For European seabass, all likelihood ratio tests of the cointegration tests show the existence of two cointegration equations between wild and farmed conspecifics, consequently, prices are stationary and regression methodology should be used (see table 5 ).
Therefore, regressions analysis should be used in different cases to verify the existence of market integration. It is needed to investigate whether the price of wild fish (in time t) is determined by the price of farmed fish (in time t and previous periods -lags), and vice versa. Table 5 summarises the outcomes of the regression analysis that are presented in the appendix.
( Table 5 to be placed around here) Table 6 summarises the market integration outcomes from the cointegration and regression methodologies for wild and farmed European seabass and gilthead seabream by market place.
( Table 6 to be placed around here)
Discussion and Conclusions
The introduction of aquaculture has led to a higher total seafood supply, lower seafood prices and lower price volatility (Dahl and Oglend, 2014; Asche, Dahl and Steen, 2015) . Aquaculture has become one of the fastest growing food production sectors in the world (Asche, 2008) . Through this contribution to the decrease in the prices of seafood and the increase of total supply, aquaculture has accelerated the globalisation of trade and increased the concentration and integration of the seafood industry worldwide (Schmidt, 2003; Guillotreau, 2004) . Quality improvements and new product developments have been boosted and logistics improved so that international airfreight is commonplace, changing the way of doing business with a stronger market orientation and risk Results from this study confirm that there is no or limited market integration between wild and farmed conspecifics of gilthead seabream and European seabass at the Madrid and Barcelona wholesale markets in Spain 5 . This helps to explain the existence of important price crises for farmed gilthead seabream and European seabass, while wild products were almost not affected.
This differentiation or the lack of market integration between farmed and aquaculture products can be explained, at least in part, by the negative perception aquaculture products have in comparison to wild fish in Spain, and Southern Europe in general Luna, 2010, 2012; Claret et al., 2012; Fernández-Polanco et al., 2013) . Wild fish is always preferred by Southern
European consumers when compared to farmed fish (Claret et al., 2012) . Southern European consumers often perceive farmed fish as being of lower quality and affected by more health and safety issues than wild fish (Kole, 2003; Verbeke et al., 2007; Luna, 2010, 2012) . Farmed fish is also perceived as more processed or manipulated than those from the wild (Claret et al., 2012) . This is translated into lower prices for farmed fish than for wild (capture) fish and some fine restaurants only serve wild fish products, specifying this on the menu. Consequently, a share of the wild production will not enter into the more traditional market chains. In the case of gilthead seabream and European seabass, the capture quantity is small and is largely destined for niche markets. This differentiation in favour of wild products happens even if the aquaculture sector has the competitive advantage that the sector has a higher degree of control over the production process and can deliver at the right time, in the right amount and at the right quality (Asche, Guttormsen and Nielsen, 2013) . On the other hand, products only available in a season may command a price premium (Aviv and Pazgal, 2008).
The fact that most seabass and seabream are marketed as fresh whole and head-on, can help the market to differentiate between products, as well as between wild and farmed varieties. Consumers in Southern European/Mediterranean countries prefer whole fish. In contrast, Northern European consumers prefer filleted fish products. Despite this potential demand, industrial production of seabass and seabream fillets is minor. High production costs for large individual fish do not allow for competitive prices for seabass and seabream fillets and other value added presentations (Monfort, 2007) . Hence, the expansion of seabass and seabream in non-Mediterranean markets has been limited so far.
These difficulties to develop added value presentations and reach new markets for European seabass and gilthead seabream at the current level of cost of production, together with the lack of integration between wild and farmed conspecifics, led to aquaculture producers to face a "reduced potential demand". If seabass and seabream production costs, especially for larger individuals, time lags. In addition, when market cointegration is confirmed (e.g. a relation between wild and farmed prices is obtained), it only happens for one lag period of the explanatory variable, not for all.
could decline further, seabass and seabream fillet prices could be competitive with other white flesh fish fillets in Northern European markets. This could allow further expansion of the industry without rapid price declines, sometimes below cost of production.
Because there is no or limited market integration (limited substitutability) between wild and farmed European seabass and gilthead seabream, prices of wild-caught European seabass and gilthead seabream do not decrease significantly when aquaculture production of both species increases.
Therefore, the capture fisheries sector is not significantly affected by the aquaculture production evolution of European seabass and gilthead seabream. Moreover, this is not likely to change in the future, as capture production is expected to remain stagnant, which may allow capture production to keep its market niche. APPENDIX.
APPENDIX 1: LAG SELECTION RESULTS
Wild and farmed seabass in the Madrid wholesale market From the lag selection table, we can see that under the Log Likelihood and the Akaike Information Criteria the optimal lags are 2, while under the Schwarz Information Criteria the optimal lags is 1.
So, cointegration tests are run for 1 and 2 lags.
Wild and farmed seabass in the Barcelona wholesale market From the lag selection table, we can see that under the Akaike and Schwarz Information Criteria the optimal lags are 2, while under the Log Likelihood the optimal lag is 3. So, cointegration tests are run for 2 and 3 lags.
Wild and farmed seabass in the French retail market Criteria the optimal is no lags, while under the Akaike Information Criteria the optimal lags is 1. So, cointegration tests are run for 0 and 1 lag.
Wild and farmed seabream in the Barcelona wholesale market From the lag selection table, we can see that under the Akaike Information Criteria the optimal lags is 1, under the Schwarz Information Criteria the optimal lags is 0, while under the Log Likelihood the optimal lag is 5. So, cointegration tests are run for 0, 1 and 5 lags.
APPENDIX 2: REGRESSION ANALYSIS RESULTS
Wild and farmed seabass in the Madrid wholesale market Wild and farmed seabass in the Barcelona wholesale market Wild and farmed seabream in the Barcelona wholesale market 
